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i.o  ihiroductiow 

The  Contractor  has  completed  a  study  on  a  piloted  special  reconnalaaance 
weapon  systea  for  use  In  tactical  aad  strategic  reconnaissance  oper¬ 
ations  The  basic  Intent  of  tola  report  is  to  summarise  the  performance 
requirements  affecting  the  airplane  design,  the  design  assumptions 
used,  and  the  design  features  of  the  selected  airplane,  further,  tbs 
envelope  of  maximum  cruise  altitude  vs.  airplane  weight  achievable  by 
conventional  and  special  means  is  presented,  finally,  th^s  summary 
gives  a  discussion  of  the  design  features  Including  propulsion  systems, 
aircraft  configurations,  equipment  configurations,  and  structural 


design  features,  j^for  a 
to  Report  wo.  HA- 56-520. 


iced  result  of  the  complete  study  refer 


2.0  APPROACH 


2.1  Problea.  -  The  problem  is  to  find  the  beet  design  that  meets 
the  given  requirements  and  falls  within  the  given  assumptions. 
The  best  design  is  defined  as  being  the  lightest  weight  design. 

2.2  Solution.  -  The  approach  used  in  solving  tbs  problem  la  outlined 
by  the  following: 

2.2.1  Study  Is  Initiated  within  each  of  the  equipment  groupings 
(engines,  fuels,  control  surfaces  stc.)  to  eliminate  the 
alternates  which  either: 

a)  do  not  meet  any  one  of  the  requirements,  or 


b)  have  inferior  weight  and  performance  character¬ 
istics  on  all  counts  when  compared  te  any  other 
alternative. 
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2.2.2  The  remaining  alter  net  ire*  are  systematically  studied  by 

a)  incorporating  them  into  airplane  designs,  and 

b)  optimizing  each  of  these  designs  to  obtain  the 
smallest  gross  weight  that  will  satisfy  the  per¬ 
formance  requirements. 

2.2.3  The  Assign  whose  combination  of  Assign  features  results  in 
the  lightest  gross  weight  of  all  is  the  best  design  to  meet 
the  requirements. 

3.0  AJ  RBQUIREMEHTS 

3.1  Phase  II  l/2.  -  The  general  requirements  for  this  design  are  as 
follows t 

a)  Minimum  cruise  altitude  -  75,000  feet 

b)  Range  -  3000  nautical  miles  with 

2UOO  at  the  cruise  altitude 

c)  Operational  -  daylight  photography,  high  order  ferret 

and  radar  reconnaissance 

d)  Operational  date  -  1956 

3.2  Riase  III.  •  The  general  requirements  for  this  Assign  are  aa 
follows: 

a)  Minimum  cruise  altitude  -  100,000  feet 

b)  Range  -  same  as  Phase  II  l/2 

c)  Operational  -  same  as  ftoase  II  l/2 

d)  Operational  date  -  i960 
k.O  ASBOMPTIOKB 

H.l  To  achieve  lowest  the  possible  gross  weight  without  sacrificing 

mission  capabilities  the  following  criteria  is  used  for  each  design: 
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a)  Cocsnunicatlon  and  guld&rca  electronics  are  reduced  to 
the  minimum. 

b )  Reconnaissance  equipment  Is  packaged  for  different 
type  missions,  with  only  one  type  mission  being 
accomplished  in  each  flight.  This  is  not  done  by 
sacrificing  reconnaissance  coverage  or  resolution,  but 
is  done  by  Increasing  the  number  of  flights  or  airplanes 
needed  for  complete  coverage  by  all  types  of  reconnaissance. 

c)  Highly  skilled  maintenance  and  flight  personnel  and  best 
available  shop  techniques  are  to  be  utilized. 

d)  Low  guat  conditions  for  high  altitude  cruise  conditions 
allow  the  limit  maneuver  load  factor  to  be  reduced  to 


e)  Maintenance  access  doors  are  of  the  structural  type  and 
the  number  reduced  to  a  minimum. 

f)  Operation  of  engines  is  at  point  of  highest  efficiency. 

This  may  result  in  higher  temperatures  and  RPM  at  the 
expense  of  engine  life. 

g)  The  airplane  is  to  be  operated  only  along  its  design 
mission,  and  the  structure  is  not  compromised  for  off- 
design  capability.. 

5.0  CO  WFI  DURATION 

5.1  Phase  II  l/2.  -  The  mission  profile  chart,  general  arrangement 

and  Inboard  profile  drswings  for  Phase  II  l/2  design  appear  on  pages 
25,  26  and  27. 
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5.1.1  Rover  Plant.  -  Fbur  (4)  General  Electric  J79-X278  turbojet 
engines  equipped  with  afterburners  using  LB88  (Lend  Based 
Supersonic)  fuel  are  located  in  the  aft  fuselage. 

5.1*2  Inlet  Design.  -  A  tvo  dimensional  fixed  rasp  type,  side  duct 
inlet  and  a  variable  geo— try  duct  is  used  for  each  pair  of 
engines.  For  maxima  efficiency,  a  by-pass  s  ye  tea  and 
boundary  layer  bleed  are  employed. 


5.1.3  Geometry.  - 

a)  Wing  area  - .  2757  Ft*2 

b)  Aspect  ratio  -  --  --  --  --  --  1,54 

c)  Thickness  ratio  ----------  .03 

d)  Angle  of  sweep  ----------  52. Hi* 

e)  Wing  span  -------------  64.9  Ft. 

f)  Overall  length  -  121.3  ft. 


5.1.4  Stability  and  Control.  - 

5. 1.4.1  Directional  Stability  and  Control.  -  Directional  stability 
is  achieved  through  the  use  of  tvo  upper  aounted  vertical 
stab illtere.  A  rudder  on  each  stabilizer  is  used  for 
direct  local  control. 

5. 1.4.2  Longitudinal  Stability  and  Control.  -  The  horizontal 
stabilizer  (canard)  is  mounted  forward  of  the  wing  on 
the  forward  part  of  the  fuselage.  The  surface  is  all 
movable  and  auto-stabilized  to  obtain  longitudinal  control. 

5. 1.4.3  Lateral  Stability  and  Control.  -  The  excessive  lateral 
stability  inhersnt  in  a  highly  svept  wing  is  offset  by 
wing  cathedral  so  as  to  reducs  the  dutch  roll  tendencies 
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b)  JO  inch  oblique  centra  -  2  req. 

c)  Stab 11 lied  mount 


d)  System  control 
5.1.5 .1.2.2  Detail  Photo.  - 


a)  inch 


-  4  req. 


b)  Stab  11  lied  mount 

c )  System  control 


5.1. 5.1.2. 3  Radar  Mapping.  - 


AFQ-56  High  Resolution  Radar  System 


5. 1.5 .1.2. k  Pierrot  System.  - 


a)  ELD-1  D/F  equipment  (l  -  40  MC) 

b)  ELD-2  D/F  equipment  (30  -  1000  MC) 

5. 1.5 .1.2.5  Radar  Mapping  System.  - 

a)  Aslmuth  radar ,  Indicator  and  camera. 

5.2  Phase  III.  -  The  ale  lion  profile  chart,  general  arrangement  and 
Inboard  profile  drivings  for  the  Riate  III  design  appear  on  pages 
28,  29  and  30. 

5.2.1  Power  Plant.  -  Four  (k)  Aerojet  air -turbo-rocket  engines  (AIR 
2010)  103.1$  site,  using  hydrogen  fuel  are  located  in  the  aft 
end  of  the  fuselage. 

5.2.2  Inlet  Design.  *  A  two  dimensional  fixed  ramp  type,  bottom  duct 
inlet  and  a  variable  geometry  duct  is  used.  For 
efficiency  a  bypass  system  and  boundary  layer  control  system 
are  employed..  A  cowl  is  Installed  over  the  lower  section  of 
the  inlet  during  take-off  and  leer  speed  flight  to  reduce  duet 
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airflow  for  maxima:  diet  efficiency  at  these  speeds.  This 
covl  is  jettisoned  at  approximately  Mach  1.8,  and  subsequently 
destroyed  by  a  series  of  small  explosive  charges  installed  in 


the  cowl. 

5,2.3  Geometry.  - 

a)  Wing  area  -  --  --  --  --  --  --  6600  ft.^ 

b)  Aspect  ratio  -  --  --  --  --  --  1.0 

c)  Thickness  ratio  -  --  --  --  --  -  .03 

d)  Angle  of  sweep  -  --  --  --  --  -  71. 6l* 

e)  Wing  span  -  —  -  --  --  --  --  -  79.898  ft. 

f)  Overall  length . lftL  ft. 


5.2.4  Stability  and  Control.  - 

5. 2. 4.1  Directional  Stability  and  Control.  - 

Two  upper  mounted  vertical  stabilizers  are  located  at 
the  aTt  end  of  the  fuselage,  and  in  addition  the  wing  tips 
fold  down  after  tale -off  to  increase  directional  stability 
at  high  speeds.  Control  is  obtalnsd  through  the  use  of 
rudders  mounted  on  the  vertical  stabilizers. 

5. 2. 4 .2  Longitudinal  Stability  and  Control.  - 

The  horizontal  stabilizer  (canard)  is  mounted  forward 
of  the  wing  on  the  forward  section  of  the  fuselage .  The 
surface  ia  all  movable,  and  auto-stabilized  for  longitudinal 
control. 

5. 2. 4. 3  Lateral  Stability  and  Control.  - 

The  excessive  lateral  stability  inherent  in  highly  swept 
wings  Is  offset  by  vlng  cathedral  to  reduce  dutch  roll 
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tendencies  to  an  acceptable  level.  Bpoilert  are  employed 
for  lateral  control.  Lateral  trim  is  achieved  from  a  tab 
installed  on  the  left  band  wing  panel. 

5.2.5  Equipment,  - 

5.2.5.  ,  the  equipment  for  the  Phase  III  design  is  divided  into  the  same 
categories  as  on  Phase  II  l/2.  Ihe  basic  electronics  are  the 
same,  and  although  the  reconnaissance  equipment  specifications 
for  the  Phase  HI  design  are  more  exacting,  it  is  believed 
that  for  the  time  period  considered  the  two  systems  will 
compare  eloaely  in  sise  and  weight.  For  the  Phase  III  Radar 
Mapping  System,  however,  a  side -looking  Coherent  Soppier  system 
is  used  in  lieu  of  the  APQ-56  system. 

5.3  Operational  Date.  - 

5.3.1  Riase  H  l/2.  -  To  meet  the  Air  Force  operational  date  requirement 
of  1958  would  require  that  the  Contractor  have  a  design  in  the 
prototype  stage  of  development  at  the  present  time.  8inee  there 

Is  no  such  airplane  that  could  be  modified  to  meet  the  Phase  II  l/2 
requirements,  the  earliest  operational  date  is  determined  mainly  b j 
the  Contractor's,  ability  to  design  and  manufacture  the  airplane 
from  the  beginning.  1961  is  the  earliest  possible  operational 
date  under  these  clrcuastances.  This  estimate  is  based  upon  approx¬ 
imately  2  months  delay  in  order  to  have  the  engines  and  equip- 

V 

ment  available  to  support  this  program  when  required. 

5.3.2  Phase  III.  -  The  Phase  III  program  is  primarily  dependant 
upon  engine  development  to  aahieve  the  required  performance . 

Since  the  engines  for  this  program  can  not  be  made  available 
until  1963,  this  is  the  earliest  operational  date  for  the 
Phase  111  program. 


X 
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6.0  Performance  Envelope  -  The  submittal  requirement  as  outlined  in 
section  1.3  of  the  Statement  of  Work  asks  for  the  max  Invan  altitude 
capability  vs.  flight  Mach  number.  This  is  altered  so  as  to 
plot  the  Maxim  altitude  capability  vs.  airplane  gross  weight  such 
that  for  each  gross  weight  the  flight  Mach  master  used  is  that  which 
gives  the  highest  cruise  altitude.  This  envelope  is  shown  as  Figure  7 
on  page  31  of  this  report.  The  lower  boundary  is  defined  by  designs 
similar  to  the  Phase  II  1/2  submittal  airplane  which  is  of  con¬ 
ventional  design.  The  upper  boundary  consists  of  three  designs. 

Below  836OO  feet  the  maxi  was  altitude  capabilities  are  achieved 
by  designs  using  scaled  versions  of  the  X278  engine  burning  Zip  fuel 
In  the  afterburner.  Between  83600  and  85 400  feet  designs  using 
scaled  versions  of  the  X27&  burning  hydrogen  fuel  achieve  the  highest 
cruise  altitude.  Above  85toQ>  feet  designs  similar  to  the  Phase  III 
aubartttal  design  have  the  highest  cruise  altitude  capability. 

7.0  Discussion 

7.1  Propulsion 

7*1.1  General  -  In  determining  the  engine-fuel  combination  to  be 

used  for  the  submittal  designs  the  first  step  is  to  check  all 
the  possible  engine-fuel  combinations  for  the  following 
requirements : 

a)  A  50  hour  test  engine-fuel  combination  must  be 
available  approximately  20  months  before  the 
operational  date. 
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b )  The  engine-fuel  combination  must  have  an  altitude 
limit  above  the  required  minimum  cruise  altitude. 

c)  Performance  data  sufficient  to  evaluate  a  design 
which  usee  the  engine-fuel  combination  must  be 
available  at  this  time. 

Figure  8  on  page  32  of  thia  report  lists  all  the  engine- 
fufl  combinations  considered  in  this  study  and  notes  whether 
each  satisfies  the  above  requirements .  Those  which  do  not  Met 
any  one  requirement  can  be  eliminated. 

The  next  step  in  this  elimination  process  is  to  compare 
the  remaining  engine-fuel  combinations  on  the  basis  weight  and 
performance.  The  performance  parameters  of  greatest  inportancs 
in  this  comparison  are: 

a)  Specific  fuel  consumption  (S.F.C.)  at  limit  Mach  number 
and  minicun  cruise  altitude. 

b)  Engine  thrust  to  engine  weight  ratio  (T/W)  at  limit 
Mach  number  and  minimum  cruise  altitude . 

c)  Limit  Mach  number  (M  ii*it) 

The  affect  of  these  performance  parameters  on  the  airplane  design 
is  the  f ollovlng :  lower  S.F.C.  means  greater  endurance,  higher 
T/W  means  less  engine  weight,  and  higher  limit  Mach  number  means 
greater  range. 

Study  Indicates  that  maximum  range  and  altitude  are 
achieved  when  cruise  is  performed  at  the  highest  possible  speed. 
This  is  due  to  the  increase  in  engine  thrust -per- pound- of -weight 

SECRET 


north  American  Aviation,  Inc. 

r ianational  airport 

_  LOS  ANGELES  45t  CALIFORNIA  _ _ 

SICtfT  _ 

Report  No.  HA-!>o-52l 
Page  11 

aud  miles-per-pound-of-fuel  (speed  divided  by  fuel  flow) 
which  acca«5>any  on  increase  in  speed.  The  above  effects 
more  than  off-set  the  added  structural  penalty  for  increased 
skin  temperatures . 

Therefore ,  the  above  performance  parameter  3  are  given 
at  limit  Mach  number  and  minimum  cruise  altitude  in 
order  to  present  a  fair  comparison  between  engine-fuel  comb¬ 
inations.  Figure  9  on  page  3^  of  this  report  lists  the 
engine-fuel  combinations  that  survived  the  first  elimination 
and  compares  the  above  parameters  for  each  of  then.  Those 
that  show  all  three  parameters  to  be  inferior  to  some  other 
combination  may  be  dropped  from  further  studies. 

Engine-fuel  combinations  which  cannot  be  eliminated  from 
consideration  by  the  above  comparison  must  then  be  incorporated 
into  an  airplane  design  for  final  elimination.  A  comparison 
of  these  designs  is  presented  in  Figures  10,  11,  12  and  13. 

All  designs  listed  are  compared  on  the  basis  of  range 
for  equal  gross  weight  with  all  design  features  being 
comparable.  This  final  chart  indicates  the  reason  for  the 
engine  choice  on  both  Phase  II  1/2  and  Ftaase  III  submittal 
designs . 

7.1.2  Engine  Types 

7. 1.2.1  Ramjet  -  The  relatively  high  thrust-weicht  ratio  and 
average  specific  fuel  consumption  make  this  type  of 
engine  an  item  of  consideration.  However,  since  a  ramjet 

SECRET 


NORTH  AMERICAN  AVIATION,  INC, 

,nt**nati©nai, 

_ LOS  ANOCLES  49.  CALIFORNIA 

Report  Ho.  HA- 56- 521 

Page  12 

requires  a  booster  stage  to  obtain  altitude  and  cruise 
speeds  and  an  AFJ  unit  to  operate  the  equipment .  the 
increased  weight  associated  with  this  design  eliminates 
it  from  consideration  for  the  final  design. 

('.1.2*2  Turbofan  -  In  general,  turbofan  engine  altitude  cap¬ 
abilities  and  supersonic  cruise  specific  fuel  consumption 
are  not  favorable  for  either  Phase  II  1/2  or  Phase  III 
requirements.  The  performance  characteristics  coupled 
with  questionable  availability  are  sufficient  to  eliminate 
it  from  consideration. 

Y. 1*2*3  Turbojet 

7.1.2. 3*1  General  -  Turbojet  engines  using  LBSS  fuel  are  considered 
superior  for  Phase  II  1/2  designs,  since  these  engines 
accomplish  the  mission  at  less  gross  weight  than  the 
other  available  types  of  engines. 

/.  1.2 .3*2  Subsonic  -  Ifce  General  Electric  J-85  was  investigated  for 
possible  use  in  a  subsonic  reconnaissance  vehicle  for 
Phase  II  1/2  requirements.  Fuel  was  limited  to  liquid 
hydrogen  since  conventional  fuels  limited  the  cruise 
altitude  to  below  65OQO  feet.  However,  since  this  design 
does  not  meet  the  required  range  and  lacks  the  passive 
defense  capabilities  of  supersonic  flight,  it  was  not 
considered  for  final  presentation. 

7-1.2. 3* 3  Supersonic  -  The  General  Electric  J79-X278  i8  chosen 
for  installation  in  the  final  design.  Figure  7 
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presents  a  plot  of  take-off  gross  weight  versus  altitude 
for  this  engine,  using  various  types  of  fuels.  Zip 
and  liquid  hydrogen  are  superior  to  JP-5  fuel  from  a  gross 
weight  consideration,  however,  availability  of  Zip  fuel 
and  operational  problems  of  hydrogen  fuel  do  not  warrant 
their  consideration  for  the  time  period  of  the  Ffcase  II  1/2 
design.  Altitude  limitation s  of  the  J79-X2T8  engine 
do  not  permit  its  use  in  Phase  III  designs. 

7.1. 2 .4  Air-Turbo- Rocket  -  The  altitude  requirements  of  the  Phase 
III  design  require  the  use  of  unconventional  fuels  and  an 
advanced  engine  design  of  high  supersonic  capabilities.  The 
air- tuxho- rocket  engine  has  these  characteristics  and  is 
selected  for  Installation  in  this  design*  The  Aerojet  ATR-2010 
using  hydrogen  fuel  is  considered  to  be  the  beet  engine-fuel 
combination.  The  use  of  hydrogen  fuels  will  require  con¬ 
siderable  development,  however,  this  engine  will  be  available 
by  1963. 

7. 1.2. 5  Rocket  Engine  -  The  high  specific -fuel- consumption  even 
with  the  sore  exotic  fuel- oxi direr  combinations  more  than 
offsets  their  high  engine  thrust-weight  ratio  for  long 
range  vehicles. 

7. 1.2*  6  Rex  Engine  •  The  latest  information  that  the  Contractor 


has  received  is  contained  in  Qarret  F  port  RP-4R  dated 
15  February  1956.  This  report  does  not  include  sufficient 
data  to  complete  a  design  study  based  on  this  engine.  It 
is  felt  that  the  ATR-2010  engine  cycle  reflects  somewhat 
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the  potentialities  of  the  Rex  III  cycle  and  that  further 
study  is  warranted.  However,  no  quantitative  comparison 
is  available  at  this  time. 

T.l>3  Engine  Installation  -  The  primary  factors  determining 
location  of  engine  installations  are  as  follows: 

a)  Low  drag 

b)  Lov  duct  losses 

c)  Minimum  exhaust  impingement  on  other  parts  of 
the  airplane 

d)  Minimum  structural  weight 

The  engine  installation  for  both  Phase  II  1/2  and  Phase  III 
is  located  In  the  aft  fuselage  for  minimum  frontal  area  and 
therefore  less  drag.  Duet  losses  are  higher  for  this  instal¬ 
lation  than  for  wing-mounted  engine  pod,  but  friction  drag, 
save  drag  and  Interference  drag  will  be  considerably  less. 

It  is  believed  that  this  installation  also  contributes 
more  to  the  reliability  of  the  airplane  due  to  the  vibration 
and  exhaust  impingement  problems  of  a  wing  mounted  engine  pod. 
7.1.4  Inlet  Duct  Placement 

7. 1.4.1  Phase  II  1/2  -  In  this  design  the  cross-sectional  area 
of  the  forward  fuselage  is  primarily  determined  by  the 
equipment  installation.  The  most  efficient  and  practical 
configuration  is  rectangular  in  nature.  VI th  this  design, 
side  ducts  are  utilized  since  they  oan  be  faired  directly 
into  the  sides  of  the  envelope  containing  the  engines  and 
thus  present  the  most  efficient  configuration  with  the  min¬ 
ima  frontal  area  and  therefore  drag. 
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7*  1.4. 2  Fbue  III  -  In  this  design  the  cross-sectional  area  of 

the  fuselage  le  primarily  determined  by  the  large  volume  of 
low  density  hydrogen  fuel.  The  aoet  efficient  and  practical 
design  is  determined  to  be  elliptical  in  nature  with  a 
horizontal  major  axle,  fioglnes  can  be  installed  in  this 
configuration  without  unnecessarily  widening  the  basic 
fuselage.  A  bottom  inlet  results  in  smaller  duct  loeses 
and  lower  drag  for  this  design  by  using  a  more  direct 
route  for  air  flow.  Top  ducts  were  not  used  since  for 
good  pressure  recovery  at  high  angles  of  attack,  the 
inlet  must  be  placed  near  the  nose  of  the  fuselage.  This 
results  in  greater  duct  losses  and  higher  drag  from  the 
added  duct  length  required. 

7.1. It.  3  Inlet  Design  -  The  duct  inlets  for  both  systems  are 

designed  to  operate  as  efficiently  as  possible  through 
the  range  of  air  apeeda.  This  presents  a  considerable 
problem  in  controlling  the  amount  of  air  entering  the 
engine,  and  also  in  maintaining  smooth  air  floe  through 
the  numerous  shock  configurations  present  in  the  duct. 

Studies  show  the  best  solution  to  these  problems  is  a 
double  angle  fixed  ramp  In  front  of  the  inlet  lip,  with  a 
movable  section  aft  of  the  lip  to  control  the  shock  waves. 
Since  the  inlets  on  both  airplanes  are  designed  to  supply  the 
amount  of  air  needed  for  top  speed  operation  there  le  a  bypass 
systsm  to  remove  the  air  not  needed  by  the  engines 
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at  lover  operating  speeds.  In  order  to  remove  the 

V 

turbulent  boundary  layer  air  from  the  ramps  and  duct, 
three  separate  bleed  systems  are  used,  fhia  separation 
of  the  bleed  ays  tea  as  to  lov.  Bedim  or  high  pressure 
area  being  bled  prevents  a  high  pressure  bleed  from 
reversing  the  flov  and  dialing  into  a  lav  pressure  area. 

On  the  Phase  III  design,  a  separate  covl  is  designed  to 
Halt  the  aaount  at  air  entering  the  duct  in  lav  super¬ 
sonic  region.  This  covl  is  installed  dne  to  the  low  net 
thrust  of  this  engine  installation  in  the  region  of  Mach 
1.0  to  1.5.  This  characteristic  is  due  to  the  poor  off- 
design  performance  of  an  inlet  designed  for  high  Mach 
numbers  (Mach  b.0).  Two  effects  ore  responsible  for  this 
lav  performance: 

a)  Large  RMg>  Drag  -  For  efficient  high  speed  operation, 
the  initial  rasps  have  high  turning  angles,  high  ramp 
pressures  and  high  rmmp  drags  at  transonic  speeds. 

b)  large  bypass  and/or  spillage  drag  -  When  the  inlet 
capture  area  is  sized  for  efficient  high  speed  operation, 
the  resultant  capture  area  at  transonic  speeds  provides 
far  more  air  than  the  engine  can  use.  This  excess  air 
■ust  be  either  bypassed  or  spilled.  Either  of  these 
creates  high  drags. 

These  drag  items  are  subtracted  from  gross  thrust  to 
obtain  net  thrust  and  reach  a  mnxlmun  in  the  region  of  Mach  1.0 
to  1.5*  Four  methods  vers  studied  to  achieve  more  efficient 
operation  in  this  region  on  the  Phase  III  design: 
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a)  Jettisonable  rocket  unite  to  augment  the  thrust  in 
the  region  of  Mach  1.0  to  1.5 

b)  Additional  air -turbo -rocket  engine* 

c)  Prograaming  of  flight  to  dive  the  airplane  through 
this  region 

d)  Addition  of  Jettisonable  cowl  to  restrict  airflow 
at  low  speeds 

A  weight  penalty  was  calculated  for  each  of  the  above 
alternatives.  The  Jettisonable  cowl  received  the  smallest 
penalty  and  was  chosen  as  the  beat  solution.  This  cowl 
is  Jettisoned  at  approximately  Mach  1.8  and  sub¬ 
sequently  destroyed  by  a  series  of  saall  explosive  charges 
placed  in  the  carl. 

7.2  Wing  Configuration 

7.2.1  General  -  The  1154  701  Configuration  Analysis  Program  system¬ 
atically  varies  the  wing  design  parameters  to  obtain  an 
airplane  of  lightest  gross  weight  for  each  parameter  con¬ 
sidered.  The  wing  configurations  of  both  Ihuese  II  1/2  and 
Phase  III  design*  sure  obtained  in  this  manner. 

7*2.2  Aspect  Ratio  -  Aspect  ratio  is  necessarily  small  for  high 

speed  airplanes.  High  aspect  ratio  for  these  configurations 
would  result  in  higher  drag  with  an  attendant  increase  in 
structural  weight  plus  an  added  structural  penalty  for 
vibration  and  flutter. 

7.2.3  Angle  of  Sweep*-  Drag  can  be  effectively  reduced  for  super¬ 
sonic  flight  by  increasing  angle  of  sweep.  However, since  stAl 
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stability  is  also  decx'eased  for  lov  speed  applications ,  sweep 
angle  can  only  be  Increased  within  certain  bounds.  The  sweep 
angle  for  Phase  III  can  be  larger  Hum  for  Phase  II  1/2 
since  the  decrease  in  wing  loading  allows  take-off  and  landing 
operations  to  take  place  it  lover  lift  coefficients.  Obtaining 
this  large  sweep  angle  and  low  aspect  ratio  results  in  the 
delta  wing  design. 

7.2'k  Thickness  Ratio  -  Thin  wings  are  desirable  fro*  a  standpoint 
of  reducing  drag  even  though  wing  structure  is  heavier.  How¬ 
ever,  the  minima:  value  is  restricted  by  detail  design,  avail¬ 
able  materials  and  Manufacturing  techniques  to  obtain  the 
required  strength.  For  the  tine  period  considered,  it  is 
believed  that  a  wing  with  a  3$  ratio  between  thickness  and 
chord  is  that  Holt  for  these  Assigns. 

T.3  Stability 

7.3.1  Longitudinal  -  For  balance  reasons,  the  wing  is  placed  at 
the  aft  end  of  the  fuselage.  This  limits  the  location  of 
the  horizontal  stabilizer  to  two  possibilites. 

a)  On  booms  extended  aft  of  the  engines 

b)  On  the  fuselage  forward  of  the  wing 

Locating  the  horizontal  aft  of  the  wing  requires  additional 
structure  plus  the  probleev  of  buffeting  and  over¬ 
heating  due  to  the  passage  of  exhaust  gases.  The  horizontal 
stabilizer  is,  therefore,  located  on  the  forward  fuselage. 
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To  achieve  the  required  degree  of  etatle  and  dynsnle 
stability  throughout  the  airplanes  speed  range,  the  canard 
must  be  either  aerodynanleally  or  artlflcally  free-floating. 
Studies  aade  on  other  of  the  Contractor's  projects  shoe  that 
the  artificial  Method  results  In  the  lightest  weight.  This 
Is  due  mainly  to  the  excessive  flutter  tendencies  even  at 
Moderate  indicated  air  speeds  of  the  aerodynamic  free- 
floating  eye tea. 

7.3.2  Directional  Stability.  •  Study  indicates  that  for  the  saas 
total  area  one  or  two  vertical  stabilisers  are  equally 
effective,  however,  the  dual  configuratlo'  chosen  because 
it  weighs  less.  The  stabilisers  are  aounwv  jn  the  upper 
aft  section  of  the  fuselage.  The  Phase  III  design  has 
folding  wing  tips  for  added  stability  at  high  Mach  numbers 
and  high  angle a  of  attack. 

7.4  Control.  - 

7.4.1  Lateral.  •  A  study  of  the  effectiveness  of  spoilers  and. 
ailerons  was  conducted  to  determine  the  best  design  for 
each  airplane.  Both  systems  give  the  same  response  and  rate 
of  roll.  Ailerons  are  selected. for  the  Phase  II  l/2  design 
since  they  require  less  structural  and  Installation  weight, 
8poil'2ra  are  selected  for  the  Phase  III  design  since  for 
this  wing  configuration  ground  clearance  is  a  problem  with 
the  long  chord  aileron  required. 

7.4.2  Directional.  -  Rudders  are  selected  for  directional  control 
In  lieu  of  all -Movable  tails  for  weight  reasons. 
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7.1*.3  Longitudinal .  -  Investigation  reveals  that  the  all -Movable, 

auto -stabilised  canard  la  lighter  and  aore  effective  over  tba 
entire  epeed  rang*  than  elevators.  This  is  selected  for 
both  designs. 

7.5  Equipment.  - 

7.5.1  General.  •  Although  the  118P  Weapons  8ystea  airplanes  are 
designed  for  minima  weight  with  a  single  reconnaissance 
capability  per  mission,  alternate  equipment  configurations 
for  more  complete  coverage  were  investigated  as  noted  below. 
The  effect  on  gross  might  of  increasing  equipment  fen:  add- 
ltlonal  coverage  at  the  same  altitude,  range  aad  velocity 

Is  shown  in  figure  14  on  page  39  of  this  report.  This  study 
was  conducted  for  These  II  l/2  designs  only.  The  results 
shown  can  be  applied,  qualitatively  at  least,  to  These  III 
de  eigne. 

7.5.2  Alternate  I.  -  This  configuration  differs  from  the  design 
configuration  by  the  addition  of  certain  electronics  equip¬ 
ment  to  be  edded  to  the  taalc  fined  electronics  equipment. 
This  consists  of  long  range  communications,  guidance  radar 
and  other  items  to  make  a  complete  fined  electronic  instal¬ 
lation.  The  increase  in  equipment  might  totals  869  pounds 
over  the  design  load.  This  configuration  requires  no 
additional  crew. 

7.5.3  Alternate  11.  -  This  configuration  consists  of  tho  fined 
electronics  of  Alternate  I  plus  either  of  the  following 
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reconnaissance  lnatallationa: 

a)  Radar  reconnaissance,  search  photo  and  complete 
pulae  ferret. 

b)  Radar  reconnaissance,  detail  photo  and  complete  C.V. 
ferret. 

Either  of  the  shore  reconnaissance  installations  gives 
the  airplane  aediua  reconnaissance  capability  per  mission 
vlth  an  added  equipment  weight  of  4209  pounds,  over  the 
design  load.  This  Installation  requires  a  crew  of  two. 

7.5.4  Alternate  III.  -  This  configuration  consists  of  the  complete 

fixed  electronics  equipment  ulus  equipment  for  complete  recon¬ 
naissance  capability  per  mission.  This  Installation  adds 
approximately  6650  pounds  of  equipment  over  the  design  load 
and  requires  a  crev  of  two. 

7.6  Structural  Design  Criteria.  - 

7.6.1  General.  -  Early  In  the  study  it  was  determined  that  by  estab¬ 
lishing  the  new  design  criteria  set  forth  below,  e  con¬ 
siderable  weight  saving  could  be  effected  vlthout  sacrificing 
the  basic  reconnaissance  mission.  Tbs  effect  of  these  criteria 
on  grots  weight  of  designs  which  meet  the  Phase  II  l/2  require¬ 
ments  is  shown  in  figures  15,  16  and  17  on  pages  40,  41  and  42 
of  this  report. 

7.6.2  load  factor .  -  The  limit  load  factor  is  reductd  to  1.6  since 
the  mission  is  performed  at  high  altitudes  where  gust  loads 
are  at  a  minimus.  Ultimate  load  factor  la  established  at  2.0 
or  1.25  times  the  limit  load  factor. 
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7.6.3  Design  Dynamic  Pressure.  -  Design  dynamic  pressure  is  estab¬ 
lished  at  1^00  psf  supersonically  and  500  psf  subeonieally. 

7.6.4  Accessibility.  -  With  the  assumption  that  maintenance  personnel 
would  be  highly  skilled  and  bases  of  operation  well  equipped 
for  maintenance!  access  doors  are  reduced  to  a  millions .  lbs 
remaining  doors  are  of  the  structural  type  for  maximum 
structural  efficiency.  It  is  not  anticipated  that  this  will 
greatly  curtail  maintenance  time  since  the  results  of  a  recent 
surrey  by  the  contractor  indicate  that  approximately  only 

4  1/2 i  of  saintenance  time  is  consumed  in  opening  and  closing 
access  doors. 

7.6.5  Design  Plight  Hours.  -  Figure  18  presents  s  plot  of  Design 
Flight  Hours  versus  take-off  gross  weight.  The  tern  Design 
Flight  Hours  is  defined  as  the  flight  time  In  which  the  airplane 
will  have  a  50 -50  possibility  of  exceeding  limit  load  factor 
due  to  gusts. 

7.7  Performance  Envelope.  -  The  curves  presented  on  figure  7  were 
generated  by  the  Configuration  Analysis  Program  which  uses  the 
IBM  701  digital  computer.  Using  designs  which  employed  various 
engine-fuel  combinations  as  base-polnt-alrplanes,  the  program 
determines  ths  sngine  site!  fuel  load  and  airframe  geometry 
that  results  in  the  minimum  weight  design  for  each  of  a  range  of 
minimum  cruise  altitudes  while  holding  total  range  constant. 

The  series  of  designs  which  are  chosen  to  represent  the 
conventional  means  are  those  similar  to  the  Akass  12  1/2  sub¬ 
mittal  design.  It  Is  noted  that  the  Rssse  ZZ  l/2  submittal 
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design  eon  only  un  full  else  versions  of  the  X278  for  engine 
availability  reasons,  while  the  optima  engine  else  from  s 
weight  standpoint  Is  scawwhat  saal ler.  This  feet  in  responsible 
for  the  above  difference  since  the  curve  plots  only  optima 
designs. 

The  curve  representing  the  maximum  altitude  attainable  by 
special  aeans  is  composed  of  three  series  of  designs  aa  shown. 

This  illustrates  the  fact  that  the  type  of  design  which  will 
result  in  minimum  weight  depends  upon  the  design  altitude.  The 
portion  of  this  curve  which  uses  designs  similar  to  the  Phase 
III  submittal  design  does  include  the  submittal  design.  It  in 
assumed  in  this  case  that  a  scaled  version  of  the  AIR-2010  can 
be  made  available  in  the  required  time, 

8.0  MDPIFICATIOW  OF  8M-6U  jggggJ 

8.1  As  a  part  of  this  study,  the  contractor  wee  requested  to  cal¬ 
culate  weight  and  performance  character  let  lee  of  a  S4-6AA  (KAVABQ) 
missile  modified  to  contain  a  pilot,  A  sumary  of  these  cal¬ 
culations  is  shewn  in  figure  19 ,  page  Mt. 

This  modification  is  aade  in  the  following  manner} 

a)  The  AM-64A  mold  lines  remain  intact  except  for 
the  addition  of  a  pilot's  canopy. 

b)  The  8N-&A  power  plant  and  air  induction  aye  tern 
remain  the  same. 

c)  Space  is  allotted  within  the  fuselage  for  the 
pilot#  compartment,  electronic  and  reconnaissance 
equipment  bays  and  landing  gear  wells.  Tbs 
remaining  spaae  Is  filled  with  fuel. 
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d)  Additional  engines  for  powered  landings  are 
not  added  as  vas  the  case  In  all  other  ramjet 
designs  considered. 

s)  The  same  structural  and  design  criteria  as  all 
other  designs  presented  herein  are  used,  (l.e. 
load  factor,  design  dynaalc  pressure.  Design 
Plight  Hours,  etc.)  so  that  the  structure  Is  not 


as  the  8M-6I»A  but  does  reflect  the 


Contractor's  practice  for  a  piloted  aircraft  of 
this  type. 

%e  existing  1st  stage  booster  is  used  to  reach  the  Maxima 
Initial  cruise  altitude  (53350  ft.)  and  velocity  (Mach  3.25). 

The  second  stage  vehicle  then  cruises  for  approximately  383O 
nautical  miles  in  I.7H  hours. 

All  the  fuel,  including  the  norm!  allowance  for  reserve, 
ie  consumed  during  this  cruise  period  since  auxiliary  engines 
for  subsonic  cruise  and  landing  are  not  added.  Landing  Is  neces¬ 
sarily  with  power  off  for  this  configuration. 
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1.  Fuel  allowance  to  start  engines,  taxi,  and  take-off  la  five  minutes 
of  normal  power. 

2.  Climb  out  to  27,000  feet  us  ins  military  power  at  385  knots  1A8 
(q  s  500  paf)  limit  speed. 

3.  At  27,000  feet  hold  cllsb  speed  to  S60  knots  TAB  and  continue  climb  on 
military  power  to  36,009  feet. 

4.  Level  off  at  #,009  feet  and  accelerate  to  Mach  1.5  with  maximum  power, 

5.  Climb  with  maximum  power  from  36,089  feet  and  Mach  1.5  to  61,500  feet  and 
Mach  3.2  without  exceeding  665  knot#  CAB  (  q  s  1500  pef )  limit  speed  at 
anv  time. 

6.  At  61,500  feet  limit  speed  to  constant  Mach  3.2  and  continue  cllsb  to 
75,000  feet. 

7.  Level  off  and  cruise  at  75 #000  feet  at  Mach  3.2. 

8.  At  point  where  best  cruise  altitude  equals  75 #000  feet,  initiate  cruise- 
climb  at  constant  Mach  3.2  and  continue  cruise  along  best  cruise  altitude 
profile. 

9.  At  descent  point,  retard  throttle  to  idle  and  initiate  optimum  distance 
glide  with  gradual  deceleration  as  allowed  bv  altitude. 

10.  Fuel  allowance  at  sea  level  landing  point  for  reserve  and  landing  it 
10  percent  of  original  fuel. 
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dgs  No.  28 


awm-mw*  I  0265-2 


t'MTBUMJt  TtOiWAfe  AUMRf 
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1.  fOal  allowance  to  a  tart  enginaa,  taka -off,  and  accelerate  to  boat  eubeooic 
cltfb  apatd  la  flat  ninutes  of  neraal  etatle  eas  law!  tbruat. 


a.  Clink  on  eourae  at  beat  subsonic  el  lab  spaed  to  36,089  foot. 

3.  Accelerate  on  aouraa  to  Maeb  2.1  at  36,009  faat  with  awadwai  paa 

b.  Climb  and  aeoalarata  on  eouraa  to  Naeh  b.O  and  88,500  faat  with 


tbruat  to  100,000  foot  at  Naeh  b.O  vltbln 


i  tbruat  at  Naeh  b.O  at  altltudea  for 
foot,  to  a  point  2700  nautical  mllaa 


5*  Clink  on  eouraa  vith  aaaELnu 
300  nautlaal  nilea  of  taka* 

6.  Cruise  on  eouraa  with  up  to 
beat  erulaa,  not'  loaa  than  : 
fraai  tha  taka -off  point. 


7.  Begin  speed  and  altitude  decrease  at  2100-olla  point,  throttle  engines 
beak  to  idle  aatting,  and  eootinue  on  course  to  3000-olla  landing  point 

8.  Bal  alleennee  for  raccrm  and  lending  la  10  percent  of  initial  fuel. 
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Take -off  Gross  Weight  -  Lbs. 

Booster  8V. ’«  Weight  -  Lbs. 

Second  Stace  Weight  -  Lbs. 

Booster  Stau'e  Fuel  Weight  -  Lbs.  (LOX  ♦  JP5) 
Second  8tap;e  Fuel  Weight  -  Lbs.  (JP5) 

Initial  Cruise  Altitude  -  Ft. 

Cruise  Velocity  -  Mach  No. 

*  Range  -  Nautical  Miles 
Final  Cruise  Altitude  -  Ft. 

Second  Stage  Propulsion 
Wing  Area  -  Sq.Ft. 

Wing  Span  -  Ft. 

Fuselage  Lenrth  -  Ft. 


300,152 

169,200 

130,452 

156,700 

84,370 

53,350 

3.25 

3,950 

71,800 

(2)  XR JU7-W-7  Ramjet  Engines 
761 
42.75 
87.3 


*  Includes:  (l)  30  N.  Mi.  for  initial  launch. 

(2)  90  N.  Mi.  glide  after  cruise. 

(3)  Range  st  100^  fuel  used 
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DEPARTMENT  OF  THE  AIR  FORCE 
HEADQUARTERS  88TH  AIR  BASE  WING  (AFMC) 
WRIGHT-PATTERSON  AIR  FORCE  BASE  OHIO 


5  Feb  2008 


88  CG/SCCMF 

3810  Communications  Blvd 

Wright-Patterson  AFB  OH  45433-7802 


Defense  Technical  Information  Center 
Attn:  Ms.  Kelly  Akers  (DTIC-R) 

8725  John  J.  Kingman  Rd,  Suite  0944 
Ft  Belvoir  VA  22060-6218 

Dear  Ms.  Akers 

This  concerns  Technical  Report  AD159176,  Aircraft  Configuration  Survey  for  Weapons 
System  118P,  1  Jun  1956. 

Subsequent  to  WPAFB  Freedom  of  Information  Act  (FOIA)  Control  Number  06-649LK,  the 
distribution  statement:  “ Distribution  authorized  to  DoD  only;  Administrative / Operational  Use;  JUN 
1956.  Other  requests  shall  be  referred  to  Department  of  the  Air  Force,  Attn:  Public  Affairs  Office, 
Washington,  DC  20330.  ”  is  no  longer  applicable. 

The  document  has  been  reviewed  by  the  Aeronautical  Systems  Center  STINFO  Officer 
within  the  Reconnaissance  Systems  Wing,  303  AESW/EN,  Wright-Patterson  AFB  and  it  has  been 
determined  that  the  distribution  statement  should  be  changed  to  statement  A  (publicly  releasable). 
The  record  is  fully  releasable  to  the  public. 

Point  of  contact  is  Lynn  Kane  at  (937)  522-3091. 

Sincerely 


Freedom  of  Information  Act  Manager 

Management  Services  Branch 

Base  Information  Management  Division 
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